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Summary and Keywords 6 
Aquatic food has a significant role to play in global nutrition and food security but is often ignored in 7 
that debate. Understanding its potential role is made difficult by the fact that aquatic food covers a 8 
large number of species which come from both capture fisheries and aquaculture, the marine and 9 
freshwater environments and include finfish, crustacea, molluscs, echinoderms, aquatic plants and 10 
other aquatic animals. Further complications arise from the fact that both supply and consumption 11 
vary significantly between countries. 12 
There are several criteria which need to be considered when discussing nutrition and food security, 13 
these include how much food is produced, whether that production is sustainable,  whether the 14 
production supports livelihoods, what the nutritional content of the food is and whether that food is 15 
safe. We conclude that there are many benefits to aquatic food under each of these criteria but 16 
there are also some hurdles which need to be overcome. Increased production, to feed a growing 17 
global population, relies on the growth of aquaculture. Limitations to that include the supply of raw 18 
ingredients for aquafeeds, reducing losses due to disease outbreaks, ensuring high standards of food 19 
safety and overcoming environmental limitations to expansion. There are also problems with 20 
welfare conditions for people working in the supply chain which need to be addressed. 21 
Given the challenges to nutrition and food security which we are currently facing, it is essential that 22 
aquatic food is brought into the debate and the significant benefits that aquatic foods provide are 23 
acknowledged and exploited. 24 
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Introduction 26 
In order to achieve nutrition and food security, all people need to have access at all times to the 27 
adequate utilization and absorption of nutrients in food, in order to be able to live a healthy and 28 
active life (1). Access implies that there needs to be enough food available, that is safe to eat and 29 




fisheries and aquaculture in food and nutrition security are levels of production, livelihoods 31 
associated with the sectors, environmental benefits, nutritional content and aquatic food safety. 32 
When we consider the role of aquatic food within food security we have to take into account that it 33 
comes from a range of sources and covers a large number of species globally, and that there is 34 
significant variability inherent in such a wide range of aquatic food systems. The importance and 35 
potential for increased contribution to food security varies spatially and geographically often 36 
influenced by consumer demand, product availability including what species are consumed and what 37 
the limitations are for increased supply.  For the purposes of this article we will assume aquatic food 38 
includes finfish, crustacea, molluscs, echinoderms (e.g.  sea cucumber), aquatic plants and other 39 
aquatic animals such as reptiles and amphibians. These sources of food can come from wild capture 40 
fisheries or be farmed in aquaculture systems and in either case can come from freshwater or 41 
marine environments. Aquatic food plays a varied role in diets globally (2). In 2016 the global per 42 
capita fish consumption rose to above 20kg per year for the first time (3): this is 6.7% of all protein 43 
consumed by humans. However, this varies between countries with, according to FAO, China having 44 
the highest overall consumption, followed by the rest of Asia (3). This consumption is predicted to 45 
increase globally over the next few years although this increase is not uniformly distributed. For 46 
example, demand in Europe is expected to remain relatively constant whilst the total demand from 47 
China, Asia and Africa is expected to increase, this is largely due to the increase in population 48 
predicted in these places (2). In this paper we will consider the global picture of aquatic food 49 
systems but will limit the discussion largely to finfish, crustacea and molluscs.   50 
In recent years aquatic food has undergone a significant change in terms of its supply: input from 51 
capture fisheries has been relatively static since the late 1980s whereas aquaculture production is 52 
increasing rapidly. In 1974 aquaculture provided only 7% of fish for human consumption, that figure 53 
had increased to 26% by 1994 and to 50% by 2013. A recent Worldbank reported predicted that 54 
Aquaculture would provide 60% of fish (by which they mean finfish, molluscs, and crustaceans) for 55 
direct human consumption by 2030 (4). Aquaculture is the fastest growing primary production 56 
sector with  global aquaculture production expanding at an average annual rate of more than 8% 57 
over the last 30 years (4) which is faster than human population growth.  58 
One of the major advantages of aquatic food over other meat sources is the fact that it is, on 59 
average, produced more efficiently and with fewer emissions.  60 
Aquatic food also has significant nutritional benefits. It provides a diverse range of micro and 61 




Consumption of seafood is widely promoted as a vital source of easily digestible protein and 63 
essential fatty acids (FA) required for a range of metabolic functions, thus supporting human health 64 
and wellbeing. These essential FA must be acquired from the diet and seafood. The current dietary 65 
recommendations for a healthy diet in the UK are to eat two 140g portions of fish per week, of 66 
which one should be an oily fish.. Fish in particular are widely recognised as a healthy form of animal 67 
protein, being low in fat, high in the aforementioned omega-3 fatty acids, and rich in a range of 68 
essential vitamins and minerals, including vitamin D, calcium, and iodine, and has a protective effect 69 
on risk for cardiovascular disease (5,6,7). In developing countries, seafood from wild-caught sources 70 
is often the only source of protein available and provides essential micronutrients for women and 71 
children. 72 
Despite these positive contributions that aquatic food makes to diets globally it is not well 73 
incorporated in the food security debate. Food and nutrition security is a well-established research 74 
area which has received increasing attention over the last few years.  However, data on the dietary 75 
contribution from aquatic food products within the broader food security arena is more limited 76 
compared with terrestrial food sources (8,9).  Preliminary results of a scoping review which is 77 
currently being carried out by the authors, assessed the representation of aquatic foods within the 78 
broader food security literature and has found that only a small proportion (<15%) of papers 79 
published since 2007 which use the key term ‘food security’ include aquatic food as an integral 80 
component of the work.  By not including aquatic food products within the wider food security arena 81 
communities and regions which rely on aquatic foods are underrepresented, and potential food 82 
security synergies unexplored.   83 
 84 
The contribution of aquatic food to nutrition and food security: 85 
1) Production 86 
Fisheries production has been static since the 1980s. Some areas are managing stocks more 87 
successfully than others. There are a large number of areas which have been historically overfished 88 
and there are some well-known examples of fisheries collapses with further collapses predicted 89 
(10,11). However, in some cases carefully managed fishing practices have allowed fisheries to 90 
recover to the point where they are being fished sustainably. In a 2013 paper, Fernandes et al. (12) 91 
examined the status of 57 fish stocks in the Northeast Atlantic which had been monitored for over 92 
60 years (12). Their analysis showed that whilst in 2002 a large number of those stocks were being 93 




many stocks were recovering (12). Unfortunately not all stocks are as well monitored and managed 95 
as they are in Europe and in many places fishers have to adapt to catching the species available, 96 
rather than the species in demand, if stocks fluctuate or even disappear. It is generally accepted that 97 
although some fisheries are being managed sustainably, it is unlikely that we will see an increase in 98 
fish supply from fisheries alone. 99 
Therefore, in order to increase supply we have to turn to aquaculture to meet the predicted 100 
increased demand for fish protein. There is huge potential for growth within aquaculture by utilising 101 
the same types of technique which have been exploited in the livestock industry such as genetic 102 
selection of desirable traits. In addition there are some benefits to aquaculture, such as the diversity 103 
of potential species to domesticate and new technologies such as open ocean aquaculture which 104 
also provide opportunities for growth. 105 
 However, in order to achieve this increase there are also a number of limiting factors have to be 106 
overcome. These include, but are not limited to, supply of raw ingredients for aquafeeds, reducing 107 
animal loses from disease outbreaks and ensuring highest standards of food safety. The increased 108 
intensification of the aquaculture sector, to meet the continued global demand, has exacerbated 109 
these constraints. Feed inputs are not required for the mollusc and plant aquaculture sectors, with 110 
more limited resource requirements needed to produce the aquafeeds for the freshwater fish 111 
farmed, compared with marine production. Whereas, the crustacea and marine farming, often these 112 
are intensive monoculture systems, require high quality protein (fish meal) and oil in the commercial 113 
aquafeed diet to raise the animals (13). Terrestrial sectors such as the poultry and pig farmers use 114 
fish meal, so the demand for these raw ingredients is larger than aquaculture alone (13), but the 115 
intensive marine farming sector remains one of the highest users of these finite resources. Several 116 
studies have addressed alternatives to using wild-caught supplies of fish meal and oil for aquaculture 117 
which include alternative diets (14), substitution of raw ingredients (15) and dietary management 118 
practises (16). Use of marine microalgae have perhaps shown the most promise as alternative 119 
provides of essential fatty acids for aquaculture. These are the primary producers rich in essential 120 
fatty acids, EPA and DHA (17) and they are already used in aquaculture for live feed for a wide range 121 
of mollusc, crustacean and fish species (18). Several constraints have been identified in the uptake of 122 
marine microalgae as alternative source of dietary oils for aquaculture with the biggest conflict 123 
coming from the biofuels sector (19). The interaction between wild capture fisheries and 124 
aquaculture has been discussed in detail in, e.g. a paper by Jennings et al. (ref) Implementing 125 
alternative feed ingredients within the aquafeeds sector is time consuming and will not emerge 126 




of the dietary ingredients within the farmed aquatic animal (20). Research within this field is gaining 128 
momentum but must be integrated within a holistic approach that ensures the health of the farmed 129 
stocks. Addressing shortages in aquafeed production and changes in dietary components alone, will 130 
not resolve the sustainability issues in aquaculture. Development and intensification of the 131 
aquaculture sector will only be achieved in we deliver high quality feed alternatives/management 132 
practises in combination with improved animal health and welfare. Infectious disease outbreaks 133 
continue to threaten the development of this rapidly expanding food sector (21). The lack of 134 
efficacious vaccines against infectious agents resulting in large scale disease outbreaks is 135 
contributing towards the continued reliance on antibiotics in aquaculture. This has significant 136 
repercussions for food security as well as public health. Further research is required to provide 137 
suitable alternatives to antimicrobials, particularly in low and middle income countries (LMIC) where 138 
intensification of terrestrial and aquatic food is predicted to expand (22). Ensuring that all food is 139 
safe to eat, is one of the core pillars in global food security (23) and must be applied to aquatic food 140 
irrespective of supplier. 141 
2) Livelihoods: 142 
Aquatic food production supports a range of livelihoods along the supply chain, from primary 143 
producer/fisher to retail sector. In the 2016 FAO report (2), nearly 60 million people globally were 144 
engaged in the primary production of edible seafood products which included both farmed and 145 
capture fisheries. Small scale operations (both in fisheries and aquaculture) play a critical role in 146 
supporting livelihoods, particularly in rural areas by supporting food security and reducing poverty 147 
(2). In 2014, 84% of the global population engaged in the aquatic food production sector were in 148 
Asia, and 94% of jobs in aquaculture are also in Asia. Gender studies have highlighted that 19% of 149 
those engaged in fisheries and aquaculture sectors are women, and in the secondary sector 150 
engagement (e.g. processing) 50% of the workforce is women (24). The role of women in seafood 151 
supply chain varies tremendously not only between countries but also between providers of the 152 
seafood. In Nigeria, 73% of the fisheries workforce is women, involved in both harvest and post-153 
harvest roles whereas in EU only 21% are women (24). Women are more traditionally involved in the 154 
rural, small scale aquaculture operations, as these can be better integrated into their other 155 
livelihood activities, but a higher number of women are employed in processing of farmed aquatic 156 
food, often in low paid, unreliable employment with no welfare considerations (25). Encouraging 157 
women’s participation in aquaculture can be beneficial to their own status in the family and 158 
community, as well as providing production benefits - in a Bangladesh-based study, fish production 159 




women’s participation can lead to improved production, income levels, and nutrition security for the 161 
whole family, as women in aquaculture have been found to prioritise family consumption of their 162 
home-grown fish more highly than men (26, 27, 28).   163 
Another area of interest with respect to livelihoods is what the impact of climate change will be for 164 
capture fisheries (29).  Climate change is predicted to have a significant impact on fish species 165 
distribution, and model predictions show that it might lead to numerous local extinctions within 40 166 
years (26, 29). In their 2010 paper Badjeck et al. (29) argued that climate change impacts on 167 
livelihoods will vary across scales, by sector of activity and by actors (individuals, communities, 168 
private sector and governments). They proposed that responses should include management 169 
approaches which reduce vulnerability to multiple stressors, as well as recognition of the 170 
opportunities that climate change could bring and of the potential contribution of fisheries to 171 
mitigation efforts either through emission reductions or carbon sequestration (29). It is likely that 172 
climate change will also impact on the species which can be produced through aquaculture and the 173 
diseases which might infect farms; fish farmers will have to be able to adapt to these changes (30). 174 
3) Environmental impacts 175 
There are several possible measures of sustainability (4, 31, 32) but on most of those aquatic foods 176 
perform well, particularly in comparison to red meats. For example, in animal husbandry practise 177 
feed conversion ratio (FCR) is used as a measure of the efficiency with which animal feed is 178 
converted into the food output. If we consider feed conversion efficiency in terms of units of output 179 
per units of feed input in production units then the least efficient dietary protein source is beef (e.g. 180 
31, 32, 33). Farmed fish are one of the most efficient forms of meat production, with an FCR 181 
efficiency that is similar to poultry (31, 32).  In their recent paper, Fry et al (33) suggested that FCR, 182 
which is the commonly used measure, does not account for differences in feed content, feeding 183 
rates during production, edible portion of an animal, or nutritional quality of the final product. There 184 
are also other factors to consider including the production length which is much shorter for farmed 185 
fish compared with cattle. Fry et al. (33) considered both protein and calorie retention for a range of 186 
different aquatic and terrestrial species, their results showed that calorie and protein retention rates 187 
were similar for aquaculture and terrestrial animals but that chicken and Atlantic salmon performed 188 
best for these two measures (32). 189 
In terms of carbon equivalent footprint, beef and sheep have the highest emissions regardless of 190 
whether they are intensively or extensively farmed with  means ranging from ~25 (beef intensive) to 191 




produce ~12 kg CO2 per kg product, while pork has very similar emissions to seafood from 193 
aquaculture, at approx. 6 kg CO2 per kg product, meaning on emissions they are both slightly worse 194 
than poultry (4). There is increasing pressure for land and water resources meaning that expansion 195 
of both terrestrial animal and aquaculture farming is limited under the current farming practices. To 196 
address food insecurity technical, environmental and cost-effective solutions must be implemented 197 
that support sustainable intensification of all food production. Scope for expansion in aquatic food 198 
production may, therefore, lie more in the marine environment than the inland aquaculture sector 199 
which remains a user of land and water resources, particularly freshwater (34).  If aquatic food is to 200 
play a more significant role in addressing food insecurity then we must consider the diversity in 201 
production systems, species and food products supplied as strengths but only if production can be 202 
achieved through sustainable resource use, and without negative impacts on ecosystem services and 203 
biodiversity. 204 
In addition to their relatively low carbon footprint, as compared with other forms of animal protein, 205 
finfish and molluscs, can provide important ecosystem services.  Wild fish, for example, play a role in 206 
regulating both marine and freshwater ecosystems through their diet, which in turn influences 207 
nutrient availability and thus dynamics of other organisms such as plankton and algal populations 208 
(35).  A number of other ecosystem services are also provided by wild fish, such as bioturbation of 209 
sediments (36), and the contribution of marine-derived nutrients to fresh water systems by salmon 210 
during their annual migrations, with the decomposition and consumption of salmon eggs and waste 211 
providing an important influx during an otherwise nutrient-scarce period (37,38).   212 
It is important to bear in mind these ecosystem services in the management of sustainable fisheries, 213 
to ensure management practices do not interfere with key thresholds and ecological cycles.  214 
Ecosystem service trade-offs should also be considered, as, for example, enhancement stocking may 215 
provide beneficial regulating services, as well as increasing the number of fish available for harvest, 216 
but also decrease native biodiversity (39); determining which is the priority for a given location 217 
requires site-specific consideration.   218 
Where waste is appropriately handled, and ecosystem trade-offs carefully considered, fish farming 219 
has the potential to provide food with relatively few negative environmental impacts while also 220 
providing important aquatic ecosystem services.  221 
Negative environmental consequences of fish farming through the release of organic wastes which 222 
detrimentally affect ecosystem community structure and biodiversity (40,41) must also be taken into 223 




potentially dangerous when left as untreated and unprocessed effluent, can also potentially provide 225 
nutrients needed for other forms of food production.  In integrated systems which have been in use 226 
in China for more than 1200 years, carp are co-produced in rice paddies, where they not only reduce 227 
the need for fertilizer (by 24% as compared with monocultures) through production of organic waste 228 
products, but also reduce pesticide inputs (by 68%) largely by disturbance of rice plants and causing 229 
insect pests to fall into the water below, where they are consumed (42).   While such integrated 230 
production cannot, alone, solve the issues surrounding fish waste products at current levels of fish 231 
demand, multi-trophic aquaculture raises the possibility of co-producing aquatic organisms from 232 
different trophic levels in the same system, potentially reducing environmental impact without 233 
negatively impacting production (43, 44).  A number of multi-trophic systems have been proposed 234 
including the use of bivalves around fish cages to recycle effluent (45); the use of plants as filtration 235 
agents (46); and those which combine both plant and bivalve filtration in multi-layered systems (47, 236 
48) – in each case, such systems provide additional food products as well as environmental benefits.  237 
Fish effluents can also provide a nutrient rich fertilizer, which has been trialled and found to be a 238 
suitable replacement for inorganic nitrogen across a range of crops, including guineagrass (49), bell 239 
pepper (50), and wheat (51).   240 
4) Current Importance of Aquatic Animals in the diet globally and nutritional benefits 241 
 242 
Assessments of global consumption of fish have clearly shown an increasing trend in uptake as part 243 
of a balanced diet, supporting the importance of aquatic food within the human diet (52). There is 244 
however, a high level of heterogeneity between individual countries not only in terms of fish 245 
production but also in rates of consumption of fish products (53). The consumption rates are 246 
increasing in many high income countries (HIC) but still remain lower compared with the total 247 
percentage dietary protein intake for low to middle income countries (LMIC) (54). Farmed fish 248 
products have the larger share of the global market compared with capture fisheries where wild 249 
caught products are more commonly traded and consumed in low income countries (LIC) (54).  250 
 251 
In the HIC, Government health initiatives promote the inclusion of 1-2 portions of oily fish per week, 252 
as part of a balanced diet, and in an effort to tackle the rise in diet-related noncommunicable 253 
diseases. It is the combination of high quality protein, micronutrients and essential fatty acids, all 254 
necessary for a range of human metabolic functions that a single portion of fish can provide that 255 
makes this such an attractive food staple in the diet (55). This has led to an increase in consumption 256 
of fish and fish products in HMICs, which is not mirrored in LMIC where fish are a more staple dietary 257 




Thilsted et al (55) clearly showed the heterogeneity between selected LMI and HMI countries in 259 
terms of fish production and consumption. China was by far the largest producer of fish (59.82 260 
million t/yr in total as compared with 3.41 in Bangladesh and 9.92 in Indonesia) and had the highest 261 
consumption of fish per capita in the LMICs (at 33.5 kg/capita/yr, as compared with 19.7 in 262 
Bangladesh and 28.9 in Indonesia), but the contribution of fish as a source of dietary protein was 263 
much higher per capita in Bangladesh and Indonesia (56.2% of total animal protein in Bangladesh, 264 
54.8% in Indonesia, and 22.4% in China).  265 
 266 
Published data on the importance of fish and fisheries products within the diet are usually linked to 267 
the percentage of dietary protein available, however, these products also provide an attractive mix 268 
of essential micronutrients and provides a more diverse diet compared with other food sources 269 
which can be more limited. This is particularly important to vulnerable members of the community 270 
within LMICs such as women and children (53). These products are more readily accessible to the 271 
impoverished as they are cheaper than alternatives, thus they are consumed at higher rates per 272 
person compared with HICs.  Future global demand for fish and fisheries products are predicted to 273 
increase where the biggest demand may come from the rise in wealthy, urban middle classes, 274 
particularly in the MICs (56). The increase in life expectancy and need to tackle lifestyle diseases 275 
through better dietary habits is also likely to contribute to the future global demand for aquatic food 276 
in HICs.  277 
 278 
5) Food safety 279 
The principles of food safety are to prevent foodborne illness in people, and this scientific discipline 280 
has expanded over the years to accommodate changes reflected in our food production and supply 281 
chains. Food is a global commodity susceptible to emerging and re-emerging infectious diseases, 282 
where national and international surveillance programmes and regulations are applied to ensure the 283 
safety of the end product for consumers. The codes of practice, certification programmes e.g. ISO, 284 
HACCP and guidelines implemented through these surveillance programmes arose from the Codex 285 
Alimentarius, established through collaboration between FAO and WHO in 1960’s. Each food type 286 
has its own hazards identified, but overall the purpose of all food safety regulation is to protect the 287 
health of the consumer.  Through the globalisation of food production and supply, higher numbers 288 
of zoonotic infections have arisen, which are more prevalent in terrestrial farming practises that 289 
aquaculture or fisheries. Broadly, foodborne diseases in people are via direct contact with the 290 




contaminated food. For the purposes of this review only bacterial and viral foodborne infections of 292 
significance to seafood will be included. 293 
If seafood is to play a pivotal role in food security then ensuring the safety of the end product is 294 
crucial. To be effective we must focus on the perception, regulations and rapid detection of 295 
foodborne microbes in our seafood products. Microbial pathogens can be part of the naturally 296 
occurring microflora on the fish/fisheries product or may come from contamination during 297 
processing and supply chain. Members of the bacterial genus Vibrio are common inhabitants of the 298 
marine environment. Both V. parahaemolyticus and V. vulnificus have been associated with seafood-299 
associated illness in people, with V. parahemolyticus being the leading cause of seafood-associated 300 
bacterial illness in the US (58). Infections are often described as self-limiting, resulting in acute 301 
gastroenteritis with symptoms occurring 4-90h post consumption of contaminated seafood (59). 302 
Baker-Austin et al. (60) described the increased incidence of bacterial infections from non-cholera 303 
Vibrio species in people, where climate change and rising seawater temperature may influence the 304 
prevalence, spread and growth of these bacterial Vibrios in the marine environment.  305 
Enteric bacterial and viral foodborne pathogens found in fish and fisheries products are all 306 
transmitted through the faecal-oral route, either by direct person-to-person contact or through 307 
ingestion of contaminated food. Determining the source of the infection however, can be more 308 
problematic with viruses, particularly human norovirus which is a member of the Caliciviridae, and is 309 
considered a major cause of acute gastroenteritis in people (61). Outbreaks of human norovirus and 310 
seafood poisoning have been implicated in cases of human gastroenteritis after consumption of 311 
shellfish contaminated with faecal pollution (62). Norovirus is described as highly contagious, 312 
prevalent and stable within the marine environment and has a long virus-shedding duration with a 313 
low infectious dose (63). These characteristics can promote the spread of the infection through the 314 
community and can contribute to high levels of viral burden in the shellfish farmed in coastal inland 315 
waters. Several strategies have been implemented to reduce the risk of enteric infections from 316 
shellfish including, farming in better quality waters, depuration and relaying of the animals in clean 317 
water prior to market.  318 
Improved control measures over the last 20 years have reduced the prevalence of the bacterium 319 
Listeria monocytogenes which is a significant cause of foodborne illness (64). Exposure to L. 320 
monocytogenes often produced gastroenteritis symptoms which are usually self-limiting in healthy 321 
individuals but can become fatal in those who are immunocompromised e.g. elderly, pregnant 322 
women and children (65). A review by Jami et al (66) highlighted the increased risk of L. 323 




lightly preserved e.g. smoked and ready-to-eat products. This raises the need for complete 325 
compliance on hygiene and sanitation practises within food processing sector and a greater 326 
emphasis on disinfection in the production line.  327 
Social licence  328 
Public and media perception is another issue which can cause problems for the aquaculture industry. 329 
In a recent paper Froehlich (67) analysed approx. 1500 newspaper headlines from 1984-2015 from 330 
both developed and developing countries and found an increasing positive trend in aquaculture 331 
coverage generally, but with developing countries producing proportionally more positive headlines 332 
than developed ones. An FAO report in 2015 (68) found that the rapid growth of aquaculture had 333 
caused concern about environmental impact, human health, including food safety, and social issues. 334 
However, it was also found that whilst most of the production is in Asia, the opposition to increased 335 
aquaculture development largely comes from the western world. The report from Bacher (68) found 336 
that the most significant consumer concern was the health and safety aspects of farmed fish. 337 
People’s perceptions of environmental impact and animal welfare concerns varied geographically. 338 
However, most people were unaware whether the fish they bought was wild or farmed in origin. 339 
Overall the report concluded that the public perceptions of aquaculture focussed on risks and did 340 
not weigh up the costs and benefits. They went on to recommend ways of addressing these public 341 
concerns. One key conclusion was that it is important to put aquaculture in a wider perspective by 342 
comparing its costs and benefits with other animal production systems (69). 343 
Consumer preferences  344 
Despite the nutritional benefits, and the lower environmental impact of fish in comparison with 345 
other animal products, a number of socio-cultural barriers to fish consumption exist in western 346 
populations.  Even within the EU fish consumption varies both within and between countries. 347 
Several of these barriers are linked to lack of experience with fish consumption, such as difficulty 348 
with fish bones (69, 70, 71), perceived high price (71, 72, 73, 74, 75), and distaste for presentation of 349 
the whole fish, particularly where the eyes are retained, as opposed to pre-cut filets, or terrestrial 350 
meat products (69).  A number of sensory and physical factors are also important, such as disliking 351 
the smell (69, 70, 72, 74, 75) or taste (71) of fish, and a lack of satiety as compared to terrestrial 352 
meat (69, 74, 75).  Both perceived food safety issues (71) and convenience (76) have also been 353 
highlighted as barriers to fish consumption.  Cultural preferences can also play a role in consumption 354 




consumption of cephalopods in Southern Europe and Southeast Asia, which is not mirrored in 356 
Northern Europe and North America (77).  357 
However, studies have also shown that individuals who are more concerned with their health (71, 358 
72,73, 74, 75, 78, 79) and who are older (71,72) are more likely to eat fish.  Increased focus on fish as 359 
a healthy food, and on increasing convenience while reducing negative perceptions around price and 360 
safety, may therefore increase fish consumption. 361 
Worldfish have been working to look at the use of fish products such as dried fish and fish chutney 362 
as food supplements in order to improve the nutritional content of diets (80) particularly in regions 363 
of the world where stunting and malnutrition is an issue. However, the impacts of this are not yet 364 
well understood. 365 
Conclusion 366 
Food and nutrition security is complex and involves many interacting factors. The issues and 367 
opportunities vary globally with, for example, a double burden of malnutrition meaning that some 368 
people still have too few calories, but at the other end of the scale people have access to high-fat, 369 
high-sugar, high-salt, energy-dense, and micronutrient-poor food many which can lead to obesity 370 
(22). Whilst obesity started out as a HIC problem it is now increasing in LMICs, particularly in urban 371 
areas. For example nearly half of the children under 5 who were overweight or obese in 2016 lived in 372 
Asia (22). 373 
The role of aquatic food in nutrition and food security is further complicated by the wide range of 374 
different species that come from two very different production systems. Capture fisheries are very 375 
different to most of other sources of food, there are very few food sources in which wild food is 376 
caught and none which exist at the scale and volume of capture fisheries. In this case the ways in 377 
which we can influence the amount of food that we can catch are either through protecting fisheries 378 
resources by more sustainable fisheries management, which may include limiting fishing, or through 379 
creating marine protected areas. Aquaculture on the other hand shares many common features with 380 
other food production systems (both livestock and crops) including the need for sustainable feeds, 381 
the risks that come with disease outbreaks and issues around food safety. Aquaculture also uses 382 
similar technologies to other food production systems in order to improve production. Including 383 
genetic selection for disease resistance, genetic modification for improved growth and functional 384 
feeds. However, aquaculture has some unique benefits and challenges. Benefits include the fact that 385 
it is a relatively young production system and there is potential to increase yield in the same way 386 




terrestrial animals. This can be both positive, because of the potential for diversification of species 388 
and to expand production by exploiting new species, and negative because each new species needs 389 
new research into efficient production, closure of the production cycle etc..  Challenges include the 390 
difficulties in observing and handling animals which live in water and the proximity to and 391 
interaction, including pathogen exchange, with wild fish which is closer than in many terrestrial 392 
animal systems. 393 
When we consider the role of aquatic food in food security beyond production we have seen that 394 
there are currently significant contributions to livelihoods, particularly in rural areas and in LMICs. In 395 
addition, aquatic food can provide both protein and essential micronutrients and thus can 396 
contribute to a diverse and healthy diet, helping to tackle lifestyle diseases. 397 
We know that the world is facing a number of challenges when it comes to feeding the population, 398 
these include population growth, increasing demands for animal protein and climate change all of 399 
which mean that our food supply will become more precarious. This is a complex problem which 400 
needs to be tackled from a number of different angles. The sustainable nutrition approach requires 401 
us to reduce our demands by wasting less and eating more sustainably. This means eating less red 402 
meat (particularly in developed, Western country’s diets) and more fruit and vegetables, but can 403 
also mean eating more fish instead of meat which brings both environmental and health benefits. 404 
The sustainable intensification approach advocates producing more whilst protecting biodiversity 405 
and ecosystem services, this approach cannot be applied to fisheries, but there is certainly potential 406 
to grow aquaculture and to increase yield using many of the same techniques, such as genetic 407 
improvement and precision agriculture, which are used in terrestrial systems. It is essential then that 408 
aquatic foods take their place at the table when it comes to discussing nutrition and food security. 409 
We must recognise the significant benefits that aquatic food can bring, acknowledge and deal with 410 
the limitations across the supply chain and expend more effort exploiting the gains that could be 411 
made by considering aquatic foods alongside terrestrial systems. 412 
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